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considered  for  use  in  microelectronic  packages  and  assess  their  impact  on  reliability. 
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FOREWORD 


This  in-house  work  unit  entitled  "High  Quality  Adhesive  Analysis,"  JON  2338014U, 
was  initiated  in  Oct  83  by  Lt  William  C.  Stewart,  the  principal  and  sole  investigator. 
The  evaluation  was  terminated  in  Jul  86  and  funding  was  cancelled.  A  final  technical 
report  was  not  prepared  by  Lt  Stewart.  The  bulk  of  the  work  associated  with 
developing  an  adhesive  specification  was  conducted  under  JON  23380 IS  1.  The 
following  summary  documents  the  objective,  approach  and  results  of  work  unit 
23380 14U. 

INTRODUCTION 


In  military  microcircuits,  organic  component  and  substrate  attach  adhesive  are 
primarily  limited  to  hybrid  devices  due  to  the  high  processing  temperatures 
associated  with  monolithic  devices.  The  inclusion  of  organic  materials  in 
microcircuits  for  military  and  space  systems  has  posed  serious  reliability  hazards 
where  meticulous  quality  control  has  not  been  imposed.  In  some  instances  the 
presence  of  organic  adhesives  has  accelerated  failure  mechanisms  within  the 
microcircuit  due  to  moisture  and  solvent  outgassing.  In  other  instances  failure 
mechanisms  have  been  directly  attributed  to  the  adhesive.  Field  problems,  which 
demonstrated  the  impact  adhesives  could  have  on  reliability,  necessitated  the 
development  of  specific  requirements  for  organic  adhesives  used  in  high  reliability 
microcircuits. 

OBJECTIVE 

The  purpose  of  this  in-house  evaluation  was  to  characterize  organic  adhesives  used  or 
being  considered  for  use  in  microelectronic  packages.  The  various  characterization 
studies,  such  as  physical,  mechanical  and  thermal  analysis,  would  provide  data  on 
adhesive  properties  that  might  impact  long  term  microelectronic  reliability. 
Additionally,  these  characterization  studies  would  identify  the  critical  parameters  to 
be  controlled,  define  the  quantitative  limits  associated  with  them,  and  ultimately  be 
used  in  developing  an  organic  adhesive  specification. 

APPROACH 


Characterization  studies  were  to  begin  with  a  differential  scanning  calorimetry  (DSC) 
analysis  of  the  organic  adhesives  to  determine  if  manufacturers  suggested  cure 
schedules  were  adequate  to  ensure  optimum  adhesive  performance.  This  would  be 
followed  by  ultragravimetric  microbalance  analysis  to  determine  moisture  absorption 
characteristics  of  each  current  and  proposed  adhesive.  Lastly,  the  chemical 
compounds  used  to  manufacture  the  adhesive  (epoxide  resin,  accelerators,  stabilizers, 
fillers  and  curing  agents)  would  be  evaluated  to  determine  if  residual,  unreacted 
species  could  affect  microcircuit  reliability. 
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RESULTS 


From  the  outset,  acquiring  adhesives  and  procuring  an  ultra-low  temperature  freezer 
for  storage  of  these  shelf-life  limited  materials  was  a  significant  factor.  Since 
adhesives  could  not  be  procured  in  a  timely  fashion,  characterization  studies  could 
not  be  conducted  and  results,  therefore,  were  not  forthcoming.  The  bulk  of  the  funds 
and  manhours  charged  against  this  work  unit  were  expended  in  procuring  thermal 
analysis  equipment  and  the  ultra-low  temperature  freezer.  An  evaluation  of  the 
thermal  stability  and  outgassing  products  of  a  widely  used  substrate  attach  adhesive 
was  conducted  jointly  with  an  outside  contractor  (Singer-Kearfott).  The  results  of 
this  study  were  included  in  a  jointly  authored  paper  entitled  MIL-A-8717  2:  A  New 
Mil  Spec  for  Microelectronic  Adhesives.  Development  of  an  adhesive  specification 
continued  under  JON  233S01S1  even  though  the  in-house  evaluation  basically  came  to 
a  standstill.  This  was  a  joint  effort  on  the  part  of  adhesive  suppliers,  hybrid 
manufacturers  and  RADC.  An  existing  NASA  adhesive  specification,  MSFC  592,  was 
used  as  the  framework  for  developing  a  more  realistic  and  comprehensive 
specif icaton  that  would  be  acceptable  and  useable  by  all  affected  parties.  Drawing 
upon  applicable  portions  of  other  adhesive  specifications,  ASTM  methods  and 
adhesive  supplier  in-house  procedures,  a  new,  comprehensive  adhesive  specification, 
MIL-A-87172,  was  developed.  MIL-A-87172  was  not  released  as  anticipated  because 
of  problems  with  having  an  adhesive  specification  within  FSC  5962.  Therefore,  the 
document  was  reformatted  as  a  test  method  and  was  released  as  test  method  5011  in 
Notice  5  of  MIL -STD-883. 

CONCLUSION 


In-house  work  unit  2338014U  produced  almost  no  technical  data  during  the  period  of 
effort.  Procuring  adhesives  for  evaluation  and  an  ultra-low  temperature  freezer  for 
storage  of  the  adhesives  consumed  most  of  the  funds  and  manhours  expended  against 
this  work  unit.  However,  the  objective  of  this  effort,  development  of  an  adhesive 
specification,  was  accomplished  via  the  ongoing  specificaton  and  standardization 
work  under  JON  233801  SI. 
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METHOD  soil 


EVAULAT10N  ANO  ACCEPTANCE  PROCEDURES  FOR  POLYMERIC  ADHESIVES 


PURPOSE .  This  method  establishes  the  ainiaua  Inspection  procedures  and 
acceptance  criteria  for  polymeric  adhesives  used  In  aicroclrcuit  applications. 

These  adhtslvts  shall  be  classlfltd  Into  two  typos  as  follows: 

a.  Typt  I  btlng  tltctrlcally  conductlvt. 

t>*  Typt  II  btlng  tltctrlcally  Insulatlvt. 

2.  APPARATUS .  Sultablt  atasurtatnt  equipments  ntetssary  to  dtttralnt  coapllance 
with  the  requirements  of  tht  appllcablt  acquisition  docuatnt  and  othtr  apparatus  as 
rtqulrtd  In  tnt  rtftrtnctd  tost  atthods. 

3.  PROCEDURES. 

3.1  Adhtslvt  procurewtnt  sptcl f 1 ca tl on .  Tht  aicroclrcuit  aanufacturtr  shall 
prtpart  a  acquisition  specification  describing  tht  dttalltd  electrical,  aechanlcal  , 
chealcal,  and  theraal  requlreatnts  of  the  adhtslvt  to  bt  acquired.  The  requlreaents 
shall  not  be  less  than  those  Imposed  by  this  atthod,  but  aay  be  Increased  to  reflect 
tnt  specific  paraatttrs  of  a  particular  adhtslvt  or  the  requlreatnts  of  a  particular 
application. 

3-2  Certificate  of  compliance.  Tht  adhesive  supplier  shall  provide  a  certificate 
of  coapnanct  for  tacn  adhesive  order.  This  certificate  shall  contain  the  actual 
test  data  for  the  supplier's  testing  as  prescribed  In  this  docuatnt. 

3.3  Evaluation  procedures.  Evaluation  procedures  for  adhesives  shall  be 
perforaed  as  specified  In  3.4.1  through  3.5.12  for  the  type  of  adhesive  being  tested. 

3.4  Properties  of  uncured  adhesive. 

3-4,1  Uiilliili-  Th«  Adhesive  coaponents  and/or  systea  shall  be  examined  In 
accordance  with  3.8.1  and  shall  be  untfora  In  consistency  and  free  of  luaps  for 
foreign  aeterlal.  Any  filler  shall  retain  unlforaly  dispersed  and  suspended  during 
the  required  pot  life  (see  3.8.3).  The  electrically  conductive  fillers  used  In  type 
I  adhesives  snail  be  gold,  silver,  alloys  of  gold  or  silver,  or  other  precious 
aeta1s. 

3.4.2  VI scosl ty .  The  viscosity  of  paste  adhesives  shall  be  deteralned  In 
accordance  tth  3.8.2.  The  viscosity.  Including  an  acceptable  range,  shall  be 
specified  In  the  adhesive  acquisition  docuatnt. 

3.4.3  Pot  life.  The  pot  life  shall  be  deteralned  in  accordance  with  3.8.3  and 
shall  be  a  ainiaua  of  one  hour.  The  adhesive  shall  be  used  within  the  pot  life 
period  after  reaoval  froa  the  container,  after  ailing,  or  after  thawing  to  rooa 
teaperature  In  the  case  prealxed  frozen  adhesives. 

3.4.4  Shelf  life.  The  shelf  life,  defined  as  the  tlae  that  the  adhesive 
continues  to  aeet  the  requlreatnts  of  this  specification,  shall  be  deteralned  In 
accordance  with  3.8.4.  The  shelf  life  shall  be  a  ainiaua  of  twelve  aonths  at  >40*0 
for  one  coaponent  systeas  and  a  ainiaua  of  12  aonths  at  rooa  teaperature  for  two 
component  systeas.  No  adhesive  shall  be  used  after  the  expiration  date. 

3.4.5  Infrared  spectrum.  An  Infrared  speetrua  of  the  uncured  adhesive  prepared 
for  appl Icatlon,  and  of  the  Individual  coaponents  for  a  two-component  system,  shall 
be  obtained  In  accordance  with  3.8.5.  A  copy  of  the  infrared  spectrum  shall  be 
provided  by  the  adhesive  supplier  as  part  of  the  certificate  of  compliance. 
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3. 4. 5.1  Infrared  spectrum  for  acceptance  testlnq.  After  baseline  correction,  ell 
ptak  ratios  of '  tKe"7pectrum  shall  not  differ  ay  more  then  »1Q  percent  fro»  the 
original  spectrum.  Any  shift,  dl seppetrtnce ,  or  appeerance  of  absorption  bands 
throughout  the  specified  wavelength  range  (2.5  to  15  micrometers)  of  the  spectrum 
Indicates  changes  In  the  cheaclal  coaposltlon  of  the  adhesive  and  shall  be  cause  for 
rejection. 

3.5  Properties  of  cured  adhesive. 

3.5.1  Adhesive  cure.  The  adhesive  aust  be  capable  of  seating  the  requirements  of 
this  document  wnen  cured  according  to  the  suppllers's  Instructions.  The  cure 
schedule  for  supplier  tests  shall  be  Identical  for  all  tests  and  shall  be  reported. 
The  cure  schedule  for  the  user  tests  shall  be  the  alnlaua  cure  schedule  and  alnlaua 
pre-seal  bake  specified  In  the  user's  asseably  document  and  shall  be  reported. 

3.5.2  Thermogravlmetrlc  analysis  (TGA). 

3. 5. 2.1  Thermal  stability.  The  theraal  stability  of  the  cured  adhesive  shall  be 

detemlned  in  accordance  with  3.8.6.  The  weight  loss  at  300  C  shall  be  <,1.0  percent 
of  the  cured  adhesive  weight.  ” 

3. 5. 2. 2  Filler  content.  Adhesives  using  a  filler  to  promote  properties  such  as 
electrical  and  thermal  conduct! vl ty  shall  be  tested  In  accordance  with  3.8.6  to 
determine  the  Inorganic  filler  content.  For  acceptance  testing,  the  percent  filler 
content  shall  not  differ  from  the  filler  content  In  the  certified  material  by  more 
than  2  percent. 

3.5.3  Outgassed  materials.  The  outgasslng  of  the  cured  adhesive  shall  be 
determined  in  accordance  with  3.8.7.  The  outgassed  moisture  shall  be  <  3000  ppm  as 
determined  In  3.8.7. 1.  Other  gaseous  species  present  In  quantities  >  TOO  ppm  (0.01 
percent)  shall  be  reported  In  ppm  or  percent.  The  data  obtained  In  3. 8. 7. 2  shall 
also  be  reported. 

3.5.4  Ionic  Impurities.  The  Ionic  Impurity  content  shall  be  determined  In 
accordance  with  3.8.6  and  shell  meet  the  requirements  specified  In  table  I. 


TABLE  l.  Ionic  Impurity  requirements. 


T 

I  Total  Ionic  content 
I  (specific  electrical  conductance) 
1  Hydrogen  (pH) 

I  Chloride 
I  Sodium 
I  Potassium 


j  <4.50  ml  1 1 1 slcaens/meter 
I  T.O  <  pH  <  9.0 
I  <  30U  ppm“ 

I  7  50  ppm 
I  7  50  ppm 

I  * _ 


Other  Ions  present  In  quantities  >  5  ppm  shall  be  reported  In  ppm. 

3.5.5  Corrosivity.  The  corrosive  effects  of  adhesives  on  chip  metal  1 1 jatlon  shall 
be  determined  in  accordance  with  3.8.9.  There  shell  be  no  change  In  the  light 
transml sslbl llty  of  the  aluminized  Mylar  in  the  areas  where  the  adhesive  was  applied 
when  checked  without  megnl f Icatlon. 

3.5.6  Bond  strength.  The  bond  strength  of  adhesives  shall  be  determined  In 
accordance  with  3.8.1b  at  25*C,  at  150*C,  and  25*C  after  1000  hours  at  150  C.  The 
average  bond  strength  shall  be  a  minimum  of  6.0  meganewton/square  meter  at  each  test 
condl 1 1  on . 

3.5.7  Coefficient  of  linear  thermal  expansion.  The  coefficient  of  linear  theraal 
expansion  shall  be  determined  form  -65'c  to  lsOTC  In  accordance  with  3.8.11.  Th* 
coefficient  of  linear  thermal  expansion  shall  be  <65.0  mljrometer/meter. *C  below  the 
glass  transition  temperature  and  <300.0  alcrometer/aeter-  C  above  the  glass 
transition  temperature  (If  less  than  150*0.  This  requirement  shall  not  apply  to 
glass  supported  film  adhesives. 
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3-5.8  Thermal  conductivity.  The  thermal  conductivity  shall  be  determined  at 
1 2 1 " C  *5*C  (n  accordance  with  3.8.12.  The  thermal  conductivity  shall  be  >1.5 
watt/meter-k  for  type  I  adhesives  and  >.0.2  watt/meter-K  for  type  II  adhesives. 

3.5.9  Volume  resistivity.  The  volume  resistivity  shall  be  determined  In 

accordance  with  3.8.13.  The  volume  resistivity  of  type  I  adhesives  at  25*C,  at 
60*C,  at  150*C,  and  at  2S*C  after  1000  hours  at  150  C  shall  be  <5.0  microhm-meter 
for  silver-filled  adhesives  and‘<15.0  microhm-meter  for  gold-fiTled  adhesives.  The 
volume  resistivity  of  type  II  adKesIves  shall  be  >0.1  teraohm-m  at  25  C  and  >1.0 
megohm-m  at  125  C.  —  ~ 

3.5.10  Dielectric  constant.  The  dielectric  constant  of  type  II  adhesives  shall 
be  determined  in  accordance  with  3.8.14  and  shall  be  <6.0  at  both  1  kHz  and  1  MHz. 

3.5.11  Dissipation  factor.  The  dissipation  factor  of  type  II  adhesives  shall  be 
determined  in  accordance  with  3.8.15  and  shall  be  ^0.03  at  1  kHz  and  <0.05  at  1  MHz . 

3.5.12  Sequential  test  environment.  The  adhesive  shall  withstand  exposure  to  the 
test  condition^"  spec!  H ed"  in  j.o.io.  After  exposure  to  the  complete  sequence  of 
envl ronmental  conditions,  the  test  specimens  shall  show  no  evidence  of  mechanical 
degradation.  The  measured  bond  strength  shall  be  a  minimum  of  6.0- 
meganewton/square  meter. 

3.6  Responsibility  for  testing.  The  manufacturer  and  user  are  responsible  for 
the  performance  or  a  1 i  tests  as  spec  1  fled  In  table  II  herein. 

NOTE:  The  Government  reserves  the  right  to  perform  any  of  the  Inspections  set 

forth  In  the  sped f Icatl on  where  such  Inspections  are  deemed  necessary  to  assure 

that  supplies  and  services  conform  to  prescribed  requirements. 

3.6.1  Test  equipment  and  testing  facilities.  Test  and  measuring  equipment  and 
testing  facilities  of  sufficient  accuracy,  quality,  and  quantity  to  permit 
performance  of  the  required  testing  shall  be  established  and  maintained  by  the 
manufacturer  and  user.  The  establishment  and  maintenance  of  a  calibration  system  to 
control  the  accuracy  of  the  measuring  and  test  equipment  shall  be  In  accordance  with 
MIl-STO-45662. 

3.6.2  Testing  conditions.  Unless  otherwise  specified  her«1n,  all  testing  shall 
be  performed  in  accordance  with  the  test  conditions  specified  In  the  ‘general 
requirements'  of  MIl-STO-883. 

3.7  Classification  of  testing.  The  test  requirements  specified  herein  are 
classified  as  certification  testing  and  acceptance  testing. 

3.7.1  Certl flcatlon  testing.  Certification  testing  shall  consist  of  all  tests  to 
determine  conformance  with  ITT  requirements  specified  herein.  To  Insure  that  both 
the  adhesive  materials  and  the  processes  employing  the  materials  are  controlled, 
both  the  supplier  and  the  user  of  the  adhesives  shall  be  responsible  for  performance 
of  the  tests  as  designated  In  table  II. 

3. 7.1.1  Sample  size.  The  number  of  samples  to  be  subjected  to  each  testing 
procedure  snail  oe  as  specified  In  the  tndlvlduel  test  methods. 

3.7. 1.2  failures,  failure  of  any  of  the  samples  to  meet  the  testing  requirements 
shall  be  cause  for  refusal  to  grant  certification  approval . 

3. 7. 1.3  Retention  of  data.  The  data  generated  for  certl flcatlon  shall  be 
retained  for  a  period  or  s  years. 

3. 7. 1.4  Retention  of  certl f Icatl on .  To  retain  certification,  the  material  shall 
be  re-evaluated  at  24-month  intervals. 

3.7.2  Acceptance  testing.  Acceptance  tests  shall  be  performed  on  each  lot  and 
shall  consist  or  tne  tests  as  specified  In  table  IT. 


5 


MIl-STC - 883C 
NOTICE  5 


3. 7. 2.1  Tttt  lot.  A  t«*t  lot  shall  consist  of  *11  adhesives  manufactured  under 
the  sane  batch  number. 

3. 7. 2. 2  Sample  size.  The  number  of  samples  to  be  subjected  to  each  testing 
procedure  shall  be  as  specified  in  the  Individual  test  methods. 

3. 7.2.3  Fal  lures.  fa*11ure  of  any  of  the  samples  to  meet  the  testing  requirements 
shall  be  cause  for  rejtctl on  of  the  lot. 

3. 7. 2. 4  Retention  of  data.  The  data  generated  for  acceptance  testing  shall  be 
retained  for  a  period  or  b  years. 

3.8  methods  of  examination  and  test. 

3.8.1  Materials.  The  adhesive  components  and/or  system  shall  be  examined 
visually  at  a  magnl f 1  cation  of  30X  to  ensure  conformance  with  the  requirements  of 
3.4.1. 


3.8.2  VI scosl ty .  The  adhesive  user  and  supplier  shall  defined  a  mutually 
acceptable  method  for  verifying  the  viscosity  of  paste  adhesives.  The  user  and 
supplier  shall  use  the  same  method  In  performing  the  required  certification  and 
acceptance  testing. 

3.8.3  Pot  life.  The  parameters  to  be  used  In  the  measurement  of  pot  life  (e.g., 
viscosity  change,  sNIn-over,  loss  of  bond  strength,  etc.)  are  generally  material 
dependent.  The  adhesive  supplier  and  user  shall  select  the  procedure  to  be  used  In 
establishing  and  testing  the  pot  life. 


TABLE  XI.  Requirements  for  certification  and  acceptance  testing. 

Besponslbt T T ty~ 


1  Test  or  condition  1 

paragraph 

MflOBlifTHfUl 

■■KQumomi) 

1  1 

Supplier 

User 

Supp l ler 

T 

1 

User  T 

1 

r  i 

(Materials  (3.4.1)  1 

3.8.1 

1 

ft 

R 

R 

T 

1 

1 

R  1 

1 VI scosl ty  (3.4.2)  1 

3.8.2 

R 

R 

1 

1 

IPot  life  (3.4.3)  1 

3.8.3 

R 

R 

1 

1 

IShelf  life  (3.4.4)  1 

3.8.4 

R 

1 

1 

llnfrared  spectrum  (3.4.5)  1 

3.8.5 

R 

R 

1 

1 

i Thermogra vlmetr 1 c  I 

3.8.6 

R 

R 

1 

1 

analysis  (3.S.2)  i 

lOutgassed  materials  (3.S.3)  1 

3.8.7 

R 

1 

1 

1 

1 

(Ionic  Impurities  (3.5.4)  1 

3.8.8 

R 

R 

1 

1 

(Corrosivity  (3.5.5)  1 

3.8.9 

R 

R 

1 

R 

IBond  strength  (3.5.6)  ! 

3.8.10 

R 

R 

1 

R*  1 

(Coefficient  of  linear  l 

3.8.11 

R 

1 

| 

|  thermal  expansion  (3.5.7)  1 

iThermal  conductivity  (3.5.8)  1 

3.8.12 

R 

I 

1 

1 

lYolune  resistivity  (3.5.9)  1 

3.8.13 

1 

1 

1  Type  I  adhesives  I 

R 

R* 

R* 

1 

R*  1 

1  Type  II  adhesives  ( 

(Dielectric  constant  (3.5.10)  1 

3.8.14 

R 

R 

1 

( 

1 

| 

(Dissipation  factor  (3.5.11)  ( 

3.8.15 

R 

1 

1 

(Sequential  test  1 

3.8.16 

R 

1 

j 

|  environment  (3.5.12) 

1 

1 

1 

R  ■  Required 

R*  •  Required  at  25*C  test  condition  only 

(No  high  temperature  storage  required) 
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3*8.4  Shelf  1 1  fe .  An  unopened  container  of  aaterlal  shall  be  stored  under  the 
condition  specified  In  3.4.4.  As  e  alnlaua,  the  test  methods  end  requirements 
specified  In  table  III  shell  be  used  to  establish  the  shelf  life. 

TABLE  III.  Shelf  life  deteral nstl on . 


1 - 

1  Property 

1 

n - 

1  Requirement 

1 

1 - 

1  Test  method 

1 

n - r 

1  Condition  1 

1  1 

I 

(Material  $ 

1 

I  3.3.1 

1 

1  3.8.1 

n 

1 

r 

i 

IPot  life 

1  3.3.3 

1  3.8.3 

1 

i 

1  Inf rared  spectrua 

1  3.3.5 

1  3.8.5 

1 

i 

ISond  strength 

1  3.4.6 

1  3.8.10 

1 25*C 

only  | 

JVoluae  resistivity 

3.4.9 

3.8.13 

Type 

I,  25  C  onlyl 

3.8.5  Infrared  spectrum.  An  Infrared  spectrua  shall  be  recorded  over  the 
wavelength  range  of  Z.5  to  15  alcroaeters  of  the  uncured  adhesive  prepared  for 
application  or  of  the  Individual  coaponents  If  a  two-component  system  Is  used.  The 
Infrared  spectrua  shall  be  generated  such  that  the  the  aost  Intensive  absorption  band 
shall  exceed  60  percent  transalsslon  but  not  exceed  90  percent  transal sst on .  It  will 
be  necessary  to  separate  the  filler  aaterlal  from  the  resin  In  order  to  obtain  a  good 
spectrua.  This  aay  be  accoapllsned  by  using  solvents  for  resin  extraction  or  with  a 
centrifuge.  If  a  solvent  Is  used.  It  aust  be  desorbed  or  blanked  out  before 
recording  the  spectrua. 

3*8.6  Theraogravlaetrl c  analysis  (TGA) .  The  therael  stability  of  the  adhesive  and 
the  adhesive  filler  content  shall  be  deteralned  by  testing  a  10  allltgraa  saaple  of 
the  cured  adhesive  (see  3.5.1)  In  accordence  with  AST*  03850. 

3. 8. 6.1  Therael  stabl 1 1 ty .  The  therael  stability  of  the  adhesive  shall  be 
deteralned  by  heating  the  speclaen  froa  rooa  teaperature  to  not  less  than  350*C,  at  a 
heating  rate  not  to  exceed  10  C/alnute,  In  a  nitrogen-  ataosphere  with  20 

a 1 1 1 1 1 1 ter/al nute  nitrogen  flow.  The  weight  loss  at  300*C  shall  be  deteralned. 

3. 8. 6. 2  filler  content.  The  filler  content  of  adhesives  using  a  filler  to  proaote 
properties  such  as  electrical  or  therael  conductivity  shall  be  deteralned  by  heating 
thg  speclaen  froa  rooa  teaperature  to  600’C,  at  a  heating  rate  not  to  exceed 

4”  C/alnute.  In  an  air  ataosphere  with  20  al 1 1 1 1 1 ter/al nute  air  flow.  The 
temperature  shall  be  aetntatned  at  600*C  until  constant  weight  Is  obtained.  It  is 
permitted  to  perfora  3. 8. 6.1,  followed  by  heating  froa  3S0*C  to  600*C  as  detailed 
above.  The  filler  content  shall  be  reported  as  weight  percent  of  the  cured  speclaen. 

3.8.7  Outgassed  materl al s.  Six  test  spectaens  shall  be  prepared  using  gold-plated 
Kovar  packages .  I  The  use  of  "leadless"  packages  Is  peraitted  to  reduce  aolsture 
contributions  due  to  package  construction.)  If  the  adhesive  will  be  used  for 
substrate  attach,  a  typical  size  alualna  substrate  shall  be  bonded  to  the  package. 

If  the  adhesive  will  be  used  for  eoaponent  attach;  0.2  centlaeter-square,  gold-plated 
kovar  tabs  (type  1)  or  alualna  chips  (type  II)  sufficient  to  cover  10  percent  of  the 
package  base  area  shall  be  bonded  directly  to  the  package.  The  adhesive  shall  be 
cured  using  the  alnlaua  cure  schedule  and  shall  receive  the  alnlaua  pre-seal  bake 
specified  In  the  asseably  docuaent(s)  (see  3.5.1).  four  eapty  packages  shall  be 
treated  Identically  to  those  containing  the  adhesive  and  shell  be  baked  with  thea. 

The  packages  shall  be  hermetically  sealed  In  a  dry  box  following  the  bake. 

3.8. 7.1  Three  packages  containing  adhesive  and  two  eapty  packages  shall  be  heated 
In  accordance  with  MIl-STO-883,  method  1008,  test  condition  C.  Immediately  after  th« 
bake,  the  packages  shall  then  be  subjected  to  aablent  gas  analysis  In  accordance  with 
MIt-STO-883,  method  1018,  procedure  1.  In  addition  to  aolsture,  other  gaseous 
species  present  In  quantities  >  100  ppa  shall  be  reported  (In  ppa  or  t).  The 
difference  between  the  average  aolsture  content  of  packages  with  adhesive  and  the 
average  aolsture  content  of  the  eapty  packages  shall  be  less  than  3000  ppa. 


7 


MII-STD-883C 
NOTICE  5 


3. 8. 7. 2  Three  packages  containing  adhesive  and  two  empty  packages  shall  be  heated 
In  accordance  with  MIL-ST0-883,  method  1008  for  1000  hours  at  ISO  C.  Immediately 
after  the  bake,  the  packages  shall  be  subjected  to  ambient  gas  analysis  In  accordance 
with  MIL-STO-883,  aethod  1018,  procedure  1.  In  addition  to  moisture,  other  gaseous 
species  present  In  quantities  >  100  ppa  shall  be  reported  (in  ppa  or  l). 

3.8.8  Ionic  impurities.  A  water-extract  analysis  shall  be  performed  to  determine 
the  level  of  ionic  contamination  In  the  adhesive.  The  total  Ion  content  (specific 
electrical  conductance)  and  the  specific  Ionic  content  for  the  hydrogen  (pH), 
chloride,  sodlua,  and  potasslua  Ions  shall  be  measured.  Other  Ions  present  In 
quantities  >  5  ppa  shall  also  be  reported  In  ppa. 

3. 8. 8.1  Sample  preparation.  Adequate  adhesive  shall  be  cured  to  obtain  three, 
three-gram  samples  following  grinding.  The  adhesive  shall  be  cured  on  teflon  film  in 
a  forced  draft  oven.  The  cured  specimen  shall  be  removed  from  the  teflon  film  and 
ground  to  60  mesh  particles. 

3. 8. 8. 2  Extraction  procedure.  Three  grams  of  the  ground  adhesive  shall  be  added 
to  each  of  three  cleaned;  tare3,  2S0-al  flasks  made  of  pyrex,  or  equivalent.  The 
weight  of  tne  cured  adhesive  In  each  flask  shall  be  recorded  to  the  nearest 
milligram.  150.0  grams  of  deionized  water  with  a  measured  specific  conductance  £  0.1 
ml  1 1 1  si emens/meter  (specific  resistivity  >  1.0  megohm. centimeter)  shall  be  added~to 
each  flask.  A  blank  shall  be  prepared  by~addtng  150.0  grams  of  the  dlonlzed  water 
and  a  boiling  chip  to  a  fourth  250-ml  flask.  The  four  flasks  shall  be  refluxed  for 
20  hours. 

NOTE:  1.0  mho  >  1.0  siemens;  1.0  mho/cm  ■  100.0  siemens/meter 

3. 8. 8. 3  Measurement  of  Ionic  content. 

3. 8. 8. 3.1  Total  Ionic  content.  The  total  extractable  Ionic  content  shall  be 
determined  by  measuring  the  specific  electrical  conductance  of  the  three, 
water-extract  samples  and  the  blank  using  a  conductivity  meter  with  an  Immersion 
conductivity  cell  having  a  cell  constant  of  0.01/centlmeter.  The  total  Ionic 
content.  In  siemens/meter,  shall  be  obtained  by  subtracting  the  specific  conductance 
of  the  blank  from  the  average  specific  conductance  of  the  three  samples. 

3. 8. 8. 3. 2  Hydrogen  Ion  content  (pH).  The  pH  of  the  water  extract  shall  be 
determined  using  a  pH  mater  with  a  standard  combination  electrode. 

3. 8. 8. 3. 3  Specific  Ion  analysis.  Specific  Ion  analysis  of  the  water  extract  shall 
be  conducted  using  ion  chromatography .  The  Ion  concentrations  In  the  extract  shall 
be  converted  to  the  sample  extractable  concentrations  by  multiplying  by  the  ratio  of 
the  deionized  water  weight  (w)  to  adhesive  sample  weight  (S);  that  is,  by  (w/S).  The 
chloride,  sodium,  and  potassium  Ion  levels  and  all  other  Ions  present  In  quantities  > 
S  ppm  shall  be  reported  In  ppm. 

3.8.9  Corrosl vl ty . 

3.8.9. 1  Paste  adhesives.  A  small  sample  of  the  uncured  adhesive  (already  mixed  If 
It  Is  a  two-part  adhesive)  shall  be  smeared  on  the  aluminum  side  of  a  sheet  of 
aluminized  (SO  to  7$  angstroms  thick)  Mylar.  After  48  hours,  the  adhesive  shall  be 
washed  off  with  acetone,  and  the  light  transmlsslblllty  of  the  aluminized  Mylar  shall 
be  examined  by  holding  the  material  to  a  light  source.  Any  change  In  light 
transmlsslblllty  In  the  areas  where  the  adhesive  was  smeared  Indicates  that  the 
adhesive  has  attacked  the  aluminum  and  will  be  grounds  for  failure. 

3. 8. 9. 2  film  adhesives,  for  film  adhesives,  a  small  sample  of  the  adhesive  shall 
be  cured  on  the  aluminum  side  of  the  aluminized  Mylar  specified  above.  After  48 
hours  the  light  transml ssl bl 1 1 ty  of  the  samples  shall  be  examined.  Unless  the 
adhesive  Is  transparent,  signs  of  corrosion  will  be  most  apparent  around  the 
periphery  of  the  adhesive.  Any  change  In  light  transml sslbl 1 1 ty  will  be  grounds  for 
f  a  1 1 ure. 


8 


HI 1-ST0-883C 
NOTICE  5 


3.8.10  Bond  strength.  The  bond  strength  of  adhesives  shall  be  determined  In 
accordance  with  3.6.10.1  or  3.8.10.2  below.  As  a  minimum,  five  specimens  shall  be 
tested  to  failure  at  the  following  conditions: 

a.  At  25*C 

b.  At  1 59  *c 

c.  At  25  C  after  1000  hours  at  1 50 * C  In  an  air  or  nitrogen  ambient. 

The  average  bond  strength  at  each  test  condition  shall  be  determined  In  newton/square 

■eter. 

3.8.10.1  The  bond  strength  shall  be  determined  In  accordance  with  method  2019  of 
MIl-STO-883  using  0.2  centimeter-square ,  gold-plated  Kovar  tabs  (type  I  adhesives)  or 
alumina  chips  (type  II  adhesives)  bonded  to  either  a  gold  metallized  substrate  or  a 
gold  plated  Kovar  package.  Fillets  shall  be  removed  prior  to  testing. 

3.8.10.2  The  bond  strength  shall  be  determined  In  accordance  with  ASTm  01002  using 
gold-metallized  tensile  coupons. 

NOTE:  1  Inch  >  2.54  cm;  1  kgf  •  9.8065  N;  1  kgf/sq  Inch  ■  15.2  kN/sq  m 

3.8.11  Coefficient  of  linear  thermal  expansion.  The  coefficient  of  linear  thermal 
expansion  shall  be  determined  In  accordance  with  ASTM  03386  over  the  temperature 
range  of  -65*C  to  150*C.  The  glass  transition  temperature,  coefficients,  and 
temperature  ranges  correspondl ng  to  different  slopes  of  the  curve  shall  be  noted. 

3.8.12  Thermal  conductivity.  The  thermal  conductivity,  In  watt/meter-K ,  shall  be 
determined  at  1Z1T  *TT"Tn  accordance  with  ASTM  C 1 1 7  or  ASTM  C518. 

NOTE:  1  cal /cm-sec-K  .  418.4  W/m-IC 

3.8.13  Volume  resistivity. 


3.8.13.1  Type  I  adhesives.  Test  specimens  shall  be  prepared  using  a  standard  1 
Inch  x  3  Inch  glass  slide.  A  Jig  capable  of  holding  this  slide,  with  two  scribed 
lines  100  mil  apart  and  parallel  to  the  length,  shall  be  the  guide  for  applying  two 
strips  of  transparent  tape.  There  shall  be  no  wrinkles  or  bubbles  In  the  tape.  The 
slide  shall  be  cleaned  with  methanol  and  air  dried.  A  drop  of  the  type  I  adhesive 
shall  be  placed  between  the  two  strips  of  tape.  Using  a  single-edge  razor  blade 
maintaining  a  30  degree  angle  between  the  slide  surface  and  the  razor  blade,  the 
adhesive  shall  be  squeezed  between  the  tape  strips.  The  length  of  the  applied  strip 
shall  be  at  least  2.5  Inches.  The  tape  shall  be  removed,  and  the  adhesive  shall  be 
cured  according  to  3.5.1.  After  cure,  the  test  specimens  shall  be  allowed  to  cool  to 
room  temperature.  Resistance  measurements  shall  be  made  using  a  mlllfohm  meter  In 
conjunction  with  a  special  four-point  probe  test  fixture.  (This  fixture  can  be  made 
of  an  acrylic  material  with  four  spring-loaded  contacts.  The  contacts  must  be  set 
Into  the  acrylic  so  that  the  current  contacts  are  2  Inches  apart,  the  voltage 
contacts  are  between  the  two  current  contacts,  and  the  voltage  contacts  are  separated 
from  each  current  contact  by  O.S  Inch.)  The  four-point  probe  fixture  shall  be  placed 
on  the  strip  of  conductive  adhesive  and  contact  between  each  probe  and  the  adhesive 
shall  be  ensured.  The  measured  resistance  shall  be  recorded  In  ohms,  and  the 
resistivity  shall  be  determined  from  the  following  formula: 

P  ■  R  (w  x  t) 

- j - 

where 

P  •  resistivity,  ohm-m 
R  «  measured  resistance,  ohms 
w  ■  width,  (100  ml)  ■  2 . 54  mm) 

t  ■  thickness,  (micrometer  reading  of  adhesive  plus  glass  side 
minus  micrometer  reading  of  the  glass  slide) 

1  ■  length  between  Inner  pair  of  probes,  (l  Inch  ■  25.4  mm) 
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A  minimum  of  thro*  specimens  shall  be  tested  at  25*C,  at  60*C,  at  1S0*C,  and  at  25*C 
after  1000  hours  at  1  SO  *  C  In  an  air  or  nitrogen  ambient.  The  same  specimens  may  be 
used  for  each  test. 

3.8.13.2  Type  II  adhesives.  Type  II  adhesives  shall  be  tested  In  accordance  with 
ASTM  0257  at  temperatures  of  2 5 * C  and  125  C. 

3.8.14  Olelectrlc  constant.  The  dielectric  constant  of  type  II  adhesives  shall  be 
determined  In  accordance  37TH  ASTM  0150  at  frequencies  of  1  kHz  and  1  MHz  at  room 
temperature. 

3.8.15  Dissipation  factor.  The  dissipation  factor  of  type  II  adhesives  shall  be 
determined  In  accordance  with  ASTM  0150  at  frequencies  of  1  kHz  and  1  MHz  at  room 
temperature. 

3.8.16  Sequential  test  environment.  A  minimum  of  ten  test  specimens  shall  be 
subjected  to  the  environmental  conditions  specified  below.  Specimens  shall  be 
prepared  using  gold-plated  kovar  packages.  If  the  adhesive  will  be  used  for 
substrate  attach,  a  typical  size  alumina  substrate  shall  be  bonded  to  the  package. 

If  the  adhesive  will  be  used  for  component  attach,  0.2  centimeter-square,  gold-plated 
kovar  tabs  (type  I)  or  alumina  chips  (type  II)  shall  be  bonded  directly  to  the 
package.  The  test  specimens  shall  be  exposed  to  the  following  environmental 
conditions  In  the  sequence  given: 

a.  High  temperature  storage. 

(MIL-STO-883 ,  method  1008,  1000  hours  at  ISO  C) 

b.  Temperature  cycling. 

(MIL-STO-883,  method  1010,  condition  C,  100  cycles) 

c.  Mechanical  shock. 

(MIL-STO-883,  method  2002,  condition  C,  VI  only) 

d.  Constant  acceleration. 

(MIL-STO-883,  method  2001,  condition  C,  VI  only) 

Following  the  environmental  exposures,  the  test  specimens  shall  be  examined  for 
mechanical  degradation.  The  average  bond  strength  of  component  attach  adhesives 
shall  be  determined  at  25*C  In  accordance  with  3.8.10.1. 

4.  SUMMARY.  As  a  minimum,  acquisition  documents  shall  specify  the  following 
Informati on : 

a.  Title,  number  and  revision  letter  of  this  military  standard. 

b.  Title,  number,  and  revision  letter  of  acquisition  specification. 

c.  Size  and  number  of  containers  required. 

d.  Manufacturer's  product  designation. 

e.  Request  for  test  data. 
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RADC  plans  and  executes  research,  development,  test  and 
selected  acquisition  programs  tn  support  of  Command,  Control, 
Communications  and  Intelligence  ((PI)  activities.  Technical  and 
engineering  support  within  areas  of  competence  is  provided  to 
ESD  Program  Offices  (POs)  and  other  ESD  elements  to 
perform  effective  acquisition  of  (PI  systems.  The  areas  of 
technical  competence  include  communications,  command  and 
control,  battle  management  information  processing,  surveillance 
sensors,  intelligence  data  collection  and  handling,  solid  state 
sciences,  electromagnetics,  and  propagation,  and  electronic 
reliability /maintainability  and  compatibility. 


